In equilibrium, the structure of a liquid depends uniquely on its temperature, pressure and composition and could be calculated in a classical simulation from the interaction potential of the molecules. That liquid structure can be described by pair distribution functions, the probability of finding a neighboring atom at a given distance from an arbitrarily chosen central atom, and can be measured by scattering X-rays or neutrons from the liquid. The scattering of neutrons depend on the isotopes present in the sample while the scattering of X-rays is to a very good approximation independent of the isotopic composition. Scattering of X-rays is therefore ideal for detecting the small structural changes induced by the isotopic exchange [1, 2] 
In equilibrium, the structure of a liquid depends uniquely on its temperature, pressure and composition and could be calculated in a classical simulation from the interaction potential of the molecules. That liquid structure can be described by pair distribution functions, the probability of finding a neighboring atom at a given distance from an arbitrarily chosen central atom, and can be measured by scattering X-rays or neutrons from the liquid. The scattering of neutrons depend on the isotopes present in the sample while the scattering of X-rays is to a very good approximation independent of the isotopic composition. Scattering of X-rays is therefore ideal for detecting the small structural changes induced by the isotopic exchange [1, 2] The result of a classical simulation of interacting particles is independent of the mass of the particles or the mass distribution within the particles. However, quantum effects can be taken into account in molecular dynamics simulations in the Feynman-Hibbs (FHMD) path-integral and with the Car-Parrinello (CPMD) formalism. Although those simulations qualitatively reproduce the measured structural isotopic quantum difference, there is a large variation of its magnitude in different calculations. Furthermore, an existing FHMD simulation has predicted that there is hardly any change in the magnitude of the difference between the X-ray radial distribution functions of light and heavy water between room temperature and the boiling point. Measurements of the X-ray scattering from H2O and D2O done at the wiggler beamline BW5 at HASYLAB show that the isotope induced effect depends fairly strongly on the temperature and is about a factor 2.5 more pronounced at 6°C than at 45°C. Within the temperature range of the experiment the isotope effect is well described by a 1/T dependence. The scattering of high energy X-ray available at beam-line BW5 have allowed conducting a series of experiments to quantify the structural differences between different isotopic compositions of water. These experiments allow testing various formalism aimed at incorporating quantum effects into molecular dynamics simulations. They quantify the argument commonly used in neutron scattering that the structure of isotopically modified liquids is similar.
